INTRODUCTION
The classical method for the production of methanol, the destructive distillation of wood, has long ago been replaced by synthetic methods. These methods yield a quite pure product, and the change has caused one of the more important impurities in the methanol employed in the older literature, namely acetone, to be no longer a pressing problem. The commercial grade A of methanol is nowadays sufficiently pure for practically all synthetic uses and for its use as a solvent, except for very specific requirements. The specifications of manufacturers for their guaranteed reagents generally conform to those in the American Chemical Society "Reagent Chemicals" (ref. 1), see Table 1 . color persists for at least the specified tiji at 15°C when the specified amount of aqueous KNnO, is added to the specified Xolume of methanol;
Bracketting the normal boiling point of 64.7°C; Minimal light transmittance in 1 cm light-path cells.
The physical and thermodynamic properties of methanol have recently been critically reviewed (ret. 2). Selected other properties are given in a book dealing with organic solvents (ref. 3) . Values for selected properties of methanol taken from these and other sources are listed in Table 2 . Methanol, being a protic solvent but having also electron-pair donation capabilities , is an amphoteric solvent , similar in many respects to water . It is capable of solvating both cations and anions , and although its dielectric constant (relative permittivity) is modest (32.7 at 25 00), in comparison with water (78.5 at 25 00), it supports the ionic dissociation of most electrolytes. On the other hand, it is well miscible with most organic solvents, except the higher alkanes and perfluoroalkanes, and is a good solvent for organic compounds in general. These properties have made methanol a very extensively utilized and studied solvent.
The low freezing point of methanol (-97.6 °C) permits the study of electrolytes by, e.g., n.m.r. techniques, at low temperatures, where line widths are much reduced and solvent exchange is considerably slowed down compared with room temperature. The relatively low normal boiling point of methanol (64.7 00) can be turned into an advantage, when it permits the ready removal of the sOlvent from temperature-sensitive reaction products. The low viscosity of methanol is an advantage too.
Since methanol itself is a rather reactive solvent, in terms of reversible donor-acceptor interactions with solutes, it requires a relatively high concentration of even more reactive impurities (water, acids, bases) to falsify the results obtained with methanol of' ordinary purity. For certain very demending purposes, however, these impurities must be removed, and precautions must be taken against tiiefr re-introduction from the atmosphere.
These and. other properties, such as ready availability, inexpensiveness, and low toxicity of moderate concentrations of the vapors (< 260 mg rn-3, contrasted with high toxicity of the ingested substance) contribute to the general utility of methanol as a solvent.
STRUCTURE OF LIQUID METHANOL
The main feature of the structure of liquid methanol is its association by hydrogen bonding. when the sum of the radii of the olvated ions of opposite charge is less than 0.857 mm. The radii of solvated ions in methanul are generally in the range 0.3 to 0.5 mm, so that ion pairing should not be a rare occurrence.
The solvation power of methanol tcwards ions is sinilar to that of water. The standard Gibbs free energy of transfer of monovalent ions from water to methanol is generally <15 kJ rnoL .
(ref. 
PURIFICATION OF MEFHANOL
In view of the fact that corrmercial methanol is now sufficiently pure for most applications, the purification methods that have been utilized in the past for precise laboratory rk are generally no longer required. These methods have been listed in ref.
3 and 24 and need to be applied only under exceptional circumstances.
Still, one of the more cainnon impurities, water, is present in cainrrcial pure methanol to an appreciable extent (ca. 500 ppm, see Table 1 ). This amount of water is not expected to have a profound effect on dilute solutions of solutes in methanol, in view of the hydroxylic nature of this solvent itself and its low molar volume, hence high concentration of hydroxyl groups. There are 24.55 mol/dm3 of OH graips in methanol, and only 0.022 mol/dm3 of water molecules (at the level of 500 ppm). For those applications where this impurity is still. critical, following is a reccnnnended method of purification.
Procedure I (remcaal of water)' (ref. 25) Step 1. Distill the methanol with a good fractionating column under the exclusion of moisture. The water content is reduced to ca. 100 ppm. From this step proceed to either step 2 or step 3, according to requirements.
Step 2 . Pass the methanol slowly through a column of dry molecular sieves (Linde type LA), store the methanol over a lump of calcium hydride. As long as the calcium hydride retains its lump form, the water content is <7 ppm.
Step 3 . For a reduction of the water content to 0 . 5 ppm, the methanol is distilled twice in .an all-glass still frc*n metallic sodium. Freshly cut pieces , 1-2 g per L methanol are used, the first few tens of mL of distillate are discarded, and the rest, boiling within 0. Step 1. Reflux 4.5 L methanol for 2th over 50 g magnesium. Distill 4 L and reflux these over silver nitrate for 24h , under exclusion of atmospheric moisture and carbon dioxide.
Step 2 . Distill the methanol and shake it with activated alumina for 24h . Filter through a sintered glass filter into a vessel which contains an atmosphere of pure nitrogen, from which the methanol is distilled again in an all-glass system. Specific conductances of 5x10 S are readily obtained with this method. With a conductivity cell sealed between the condenser and receiver in the last distillation step , the mininal specific conductance observed was 1 . 5x10
Procedure III (removal of bases and heavy metal$) (ref. 28 and 29)
Step 1 . Condition a dry macroreticular (e .g. Amberlyst 15) or macro-porous sulfonatedpolystyrene-type cation exchange resin in the hydrogen-ion form for 24h with methanol to preswell it and eliminate the removable water.
Step 2 . Prepare a 1 : 2 mixture (by volume) of a strongly acidic cation exchange resin (e.g., Duolite C-20 , pretreated successively with 2 NHC1 , 1 . 5N NaOH , and 2N HC1) and a strongly basic anion exchange resin (e.g., Duolite A-162, pretreated successively with 1. 5N NaOH, 2N HC1, and 1. 5N NaOH), wash with water, dry and preswell it in methanol for 24h.
Step 3. Pass the methanol to be purified successively through a 6 to 10 cm column of the mixed exchanger from Step 2, then through a 6 to 10 cm column of the corditioned resin from
Step 1 at a rate of 3 rnLlmin. 
INTRODUCTION
Ethanol is produced either by fermentation or synthetically, and the impurities it is likely to contain depend somewhat on the source. Ethanol produced by fermentation may contain higher alcohols ("fusel oil", mainly pentanol isomers), whereas that produced synthetically may contain diethyl ether, in addition to aldehydes, ketones and esters that may be present in the products from both methods. A ubiquitous impurity, of course, is water, and since it is often removed by azeotropic distillation with benzene, this hydrocarbon may also be present as an impurity that is troublesome for spectroscopic studies in the ultraviolet region.
Ethanol is available commercially in quite pure form, either as the azeotrope with water (containing ca. 5% water) or as so-called "absolute" ethanol, containing only 0.2% water. The specifications of manufacturers for their purest grades generally conform to those in the American Chemical Society "Reagent Chemicals" (ref. 1), see Table 1 .
The physical and thermodynamic properties of ethanol have recently been reviewed (ref. 2).
Selected other properties are given in a book dealing with organic solvents (ref.
3) and in a few other sources. Values for selected properties of ethanol taken from these sources are listed in Table 2 . light transmittance in 1 cm lightpath cells; aThe 30 ppm liniit applies specifically to isopropyl acohol; the test for fusel oil is the absence of odor, after 10 cm3 ethanol has been mixed with 5 cm3 water and 1 m3 glycerol, the mixture placed on a filter paper and left to evaporate; 'The pink color should persist for >5 mm. when 20 cm3 are treated with 0.1 cm3 of 0.1 N KNnO at 15°C. Ethanol, being a protic solvent but having also electron-pair donating capabilities, is an amphoteric solvent, and is capable of solvating both cations and anions. It has only a modest dielectric constant (relative perrnittivity), 24.55 at 25° C, hence most electrolytes, when not too dilute, will be extensively ion-pafred in it. Ethanol is miscible with most organic solvents , including alkanes, and is a good solvent for' organic compounds in general.
Mixtures of ethanol with water are better solvents for electrolytes than neat ethanol, and have been used extensively for the investigation of many properties of electrolytes in mixed aqueous solvents.
Ethanol is fairly reactive regarding reversible donor-acceptor ,interactions with solutes, hence many impurities need be present at relatively high concentrations in order to affect appreciably measurements on solutions in ethanol. A notable exception is water, which may still have adverse effects on many properties even in so-called "absolute' ethanol, where it is present to the extent of 0.2 mass %, or 0.5 mole %.
The physical properties of ethanol, its properties as a solvent, and its ready availability in pure form contribute to its general utility as a solvent. The vapors are non-toxic even at rrderate1y high concentrations, at which they are readily detectalle by their odor (ref. 3) . The physiological effects of ingestion, of course, need not be described here, but they place some legal restrictions on the free use of ethanol.
STRUCTURE OF LIQUID EIHANOL
Ethanol is an associated liquid, and forms short chains by hydrogen bonding. Ethanol molecules can donate one but accept two hydrogen bonds , hence the aggregates formed are irregular. Evidence for the association arises fran many properties of liquid ethanol . For example, the entropy of vaporization at the normal boiling temperature is &SV 110.18 JKmol', much higher than the value given by Trouton' s rule for nonassociated liquids, "86 JIC' irol '. The angular correlation factor g has the value of 3.01 at 25°C, The association of ethanol has also been studied spectroscopically, meinly by infrared (ref. 38) and n.m.r. (ref. 39) methods. The relaxation time of the ethyl group has been found to be shorter than that of the hydroxyl group, since the latter is hydrogen bonded to other similar groups.
KEY SOLVENT PROPERTIES OF EThANOL
Many organic liquids are completely miscible with ethanol, including the alkanes on the one hand and highly polar liquids such as -gyopl on the other. The solubility parameter of eth --anol, calculated as
, is sufficiently near those of nonpolar substances"(e.g., tin tetrachlôride, 6 17.8 J an3/2 or iodine, (S 28.8 J cur3 /2) to make it a good solvent for these.
The ability of ethanol to solvate both cations and anions is related to its polarity as measured by the donor number D A 30.4 kcal mo11 and the acceptor number AN 37.1, (see Table   2 ) which makes it a fairly good solvent for electrolytes. The standard Gibbs free energy of the transfer of monovalent ions fran water to ethanol is 5 to 20 kJ mol' (ref. 15) , so that the solvation of the ions by ethanol is only to that extent worse than by water. Hcwever, the solvated ions are apt to associate in ethanol to solvent-shared and contact ion pairs, since the sum of the radii of the ions rarely exceeds the maximal distance of 1.14 nm for Table 3 . 
PURIFICATION OF ETHANOL
Ethanol is available ncwadays in highly pure form, see Procedure I (removal of organic impurities) (ref. 44) Step 1. Add carefully concentrated sulfuric acid to the ethanol, and distill the ethanol.
The H, SO1 acts as an oxidizing agent for aldehydes, and this step also reduces the content of amines.
Step 2. Redistill the ethanol from solid sodium hydroxide, to remove entrained sulfuric acid and acidic impurities.
Step 3. Fractionally distill the ethanol with a good rectification column.
This combined treatment is said to reduce the content of aldehydes and ketones to <1 ppm, and make the ethanol a solvent suitable for spectroscopic studies of solutes in the ultraviolet region.
For the removal of water from so-called "absolute" ethanol, containing about 2000 ppm of water, the following procedures are recommended.
Procedure II (removal of water) (ref. 45) Step 1. Dehydrate "absolute" ethanol down to <1000 ppm water by reflux over calcium oxide, and distill it, taking precautions to exclude water.
Step 2. Treat a portion of 200 cm3 of the dehydrated ethanol with 3.5 g calcium hydride crushed to a powder until all of it dissolves by gentle boiling. This treatment produces calcium ethoxide. Distill two th-ixds of the alcohol off, to remove ammonia originating in calcium nitride possibly present in the hydride.
Step 3. Transfer the remeining solution of calcium ethoxide in ethanol into 2 dm3 of dehydrated ethanol in a distilling apparatus provided with a double condenser. Boil the solution gently for 20 h, allowing 100 cm3 to distill over in a slow current of dried pure hydrogen. Discard this distillate.
Step 4. Distill the bulk of the ethanol slowly in the current of hydrogen, discarding the last 1Q0cm3.
The purity of the ethanol so obtained is checked by its density, being Procedure III (removal of water) (ref. 3) Step .1. Add about 5p of hexane, cyclohexane, or 2,2, 4-trimethyl-1-pentane to "absolute" ethanol, and fractionate to remove the aqueous azeotrope containing the water. This step reduces the water content to <500 ppm.
Step 2., Pass the dehydrated ethanol slowly through a coli,mn of dry molecular sieves (Linde type 4A'). This step reduces the water content further (a sinilar treatment reduces the water content of methanol to 7 ppm).
DETECTION OF IMPURITIES
Trace concentrations of heavy metals can be determined by flameless atomic absorption, using a graphite furnace and a tantalum boat (ref. 
